One of the roles of melanin is to protect the skin and underlying tissues from UV-induced skin injury. However, excessive melanin production in the skin has negative hyperpigmenting effects such as melasma, freckles, and senile lentigines. The synthesis of melanin starts with the conversion of the amino acid L-tyrosine to L-dopa (3,4-dihydroxyphenylalanine), the subsequent oxidation of L-dopa then yields dopaquinone. Tyrosinase is the key enzyme in the biosynthesis of melanin, and participates in the oxidation of tyrosine to L-dopa, and of dopa to dopaquinone.
Ϫ1
, 1 Assay of Tyrosinase Activity Tyrosinase activity was measured by determining its dopa oxidase activity using a modification of the method reported by Shono et al. 6) Test substances were dissolved in MeOH to 1 mM, 500 mM, 100 mM, or 10 mM. 120 ml of L-dopa (8 The amount of dopachrome in the reaction mixture was determined after 30 min at 37°C. Inhibitory activity was expressed as the concentration that inhibited 50% of tyrosinase activity (IC 50 ), as determined by optical density at 490 nm (OD 490 ). Kojic acid was used as a positive control. The test compound inhibition patterns were determined using Lineweaver-Burk's plot at various L-dopa concentrations.
Cell Line and Culture Procedures Melan-a cells were kindly donated by Dr. B. Lee at the Skin Research Institute at the Pacific Co., Korea. The cells were cultured in RPMI1640 medium containing 10% FBS and 200 nM phorbol 12-myristate 13-acetate (TPA). Cells were then seeded in a 100 mm diameter tissue culture dish (5ϫ10 5 cells/well). Cells grew to confluency after 3 to 4 d at 37°C in 5% CO 2 , and were seeded at 10 5 cells/well in a 24 well plate, and then incubated for a further 24 h. Each well was renewed with 990 ml of RPMI1640 medium daily and treated with 10 ml of 10000, 1000 or 100 mM of test sample for 3 d (solvent system: propylene glycol/EtOH/H 2 Oϭ5/3/2). And then it was incubated for 1 d in CO 2 incubator.
Cell Viability Percentages of viable melan-a cells were determined by staining the cell population with crystal violet. After removing the medium from each well, the cells were washed with PBS, and 200 ml of crystal violet (CV 0.1%, EtOH 10%, PBS 89.9%) was added. The cells were then incubated at room temperature for 5 min and washed twice with distilled water. After adding 1 ml of EtOH to the cells, they were shaken at room temperature for 10 min. Crystal violet absorption was measured at 590 nm.
Determination of Melanin Level Melanin contents were measured using a modification of the methods described by Hosoi et al. 7) After removing the media from each wall, it was washed with PBS. 1 ml of 1 M NaOH was then added to the well to dissolve the melanin. The absorption maxima of melanin was measured at 400 nm, and the melanin content per well calculated, and expressed as a percentage to the vehicle. Phenylthiourea was used as a positive control. 8, 9) Statistical Analysis Data are presented as meansϮS.E. of three independent experiments. Different treatments were compared using the Student's t-test.
RESULTS

Inhibitory Effects of Compounds against Tyrosinase Activity
The tyrosinase inhibitory effects of N,N-unsubstituted selenourea derivatives, compounds A, B, C, and D, and of kojic acid are detailed in Table 1 . Among N,N-unsubstituted selenourea derivatives, 1-selenocarbamoylpiperidine (compound D) showed the highest inhibitory effect on mushroom tyrosinase. Compound D at 2, 20, 100, and 200 mM inhibited tyrosinase by 3.8%, 15.1%, 37.0%, and 55.5%, respectively (Fig. 1) . The tyrosinase inhibitory effect of compound D was greater than kojic acid (39.4% at 200 mM); the IC 50's of compound D and kojic acid were 170 and 277 mM, respectively.
Inhibition Pattern of Mushroom Tyrosinase by Compound D The kinetics behavior of compound D during the oxidation of L-DOPA was studied. When various concentrations of L-DOPA was used as a substrate, compound D decreased the V max value of tyrosinase in a dose-dependent manner but did not change the K m value. Therefore, compound D was identified as a noncompetitive tyrosinase inhibitor by Lineweaver-Burk plot analysis (Fig. 2) .
Melanin Production and Cell Viability of Melan-a Cells Melan-a cells are synergistic with the B16 melanoma cell line and its sublines, and provide an excellent parallel non-tumorigenic line for studying melanoma malignancy. 10) In this study, the melan-a cell line was used for testing the melanin production and cell toxicity. Compound D, kojic acid and phenylthiourea were treated in the cultured melan-a cells for 3 d. The testing results, cell viability and melanin contents, were represented at Table 2 . As the results, compound D slightly attenuates the melanin content at above 50 mM (Fig.  3) . The difference between cell viability and melanin produc- tion is about 10-20%. Phenylthiourea was used as a positive control.
DISCUSSION
This study investigated inhibitory effects of N,N-unsubstituted selenourea derivatives on tyrosinase activity. Among N,N-unsubstituted selenourea derivatives, 1-selenocarbamoylpiperidine (compound D) showed the highest inhibitory effect on mushroom tyrosinase. Moreover, this inhibitory effect was higher than that of kojic acid (39.4%), a well known tyrosinase inhibitor.
In terms of chemical structure, 5-membered ring piperidine (compound D) had a greater inhibitory effect than 6-membered ring pyrrolidine (compound C). N,N-Dimethyselenourea (compound A) and N,N-diethyselenourea (compound B) did not show strong inhibitory effects.
In kinetics study, compound D identified as a noncompetitive inhibitor of the mushroom tyrosinase with same K m value. Therefore, compound D might indicate the enzyme inhibitory activity by binding at other sites except cupper active site of mushroom tyrosinase.
Furthermore, compound D was tested with respect to its anti-melanogenic effect in cultured melan-a cells at various concentrations (1, 25, 50, 75, 100 mM) . Compound D showed melanin inhibitory effect in range from 50 to 100 mM (Fig. 3) . Compound D was found to slightly attenuate the melanin content. Based on these results, we can suggest that compound D may act as a depigmenting agent. Vol. 28, No. 5 Test sample and medium were renewed daily. The cell viabilities and the melanin contents of melan-a cells were determined after 3 d. The data shown represents the meansϮS.E. of four independent experiments performed in duplicate.
